ABSTRACT.-We evaluated the feasibility of using passive integrated transponder (PIT) tags to mark and track individual shorthead sculpins (Cottus confusus). We implanted PIT tags in 80 shorthead sculpins in 2 size categories (60-80 mm and 81-106 mm total length) and in 1 of 2 locations (subcutaneous along the spinous dorsal fin or in the body cavity). We evaluated tag retention, sculpin survival, and net-avoidance behavior for 29 days. We observed no mortality directly attributable to PIT-tag injection at either tagging location. We observed a 38.8% loss rate of dorsal tags and a 2.5% loss rate of body-cavity tags. No change in net-avoidance behavior was observed. We released 97 PIT-tagged sculpins into an artificial stream and monitored them with 3 stationary and 1 portable antenna. Sixty sculpins were detected at least once, and 18 sculpins were detected multiple times with the portable antenna. These results indicate that PIT-tagging within the body cavity is a feasible method for marking and tracking individual shorthead sculpins.
Space and resource use are important considerations in ecology, management, and conservation of stream fish (Lucas and Baras 2000 , Riley et al. 2003 , Albanese et al. 2004 . Data on space and resource use is best obtained through direct observation of individual movement (Kernohan et al. 2001) . Studies of sculpin (Cottus spp.) movements have historically been hampered by the necessity of rehandling the fish in order to positively identify individuals (Bailey 1952 , McCleave 1964 , Brown and Downhower 1982 , Hill and Grossman 1987 , Petty and Grossman 2004 . Recent evaluations of passive integrated transponder (PIT) tags and their use on sculpins have been conducted on the European bullhead (Cottus gobio; Bruyndoncx et al. 2002 , Knaepkens et al. 2007 , slimy sculpin (Cottus cognatus; Cucherousset et al. 2005 , Keeler et al. 2007 ) and mottled sculpin (Cottus bairdii; Ruetz et al. 2006 , Breen et al. 2009 ). The use of PIT tags to identify individual sculpins is advantageous since the tag is small, and once individuals are tagged, they need not be rehandled to be redetected (Prentice et al. 1990a, Lucas and Baras 2000) . To obtain reliable observations from a tagging study, the tagging method must not affect the survival, growth, reproduction, behavior, or mobility of the tagged animal (Wydoski and Emery 1983 , Prentice et al. 1990a , Silvy et al. 2005 , Ruetz et al. 2006 ).
Our general purpose was to evaluate the feasibility of using PIT tags to mark individual shorthead sculpins (Cottus confusus) because we know of no reports on the use of this technology to mark and redetect this species. Our specific objectives were to evaluate survival of tagged fish, effects of fish size and tagging location on tag retention, mobility of tagged fish, and our ability to redetect PIT-tagged shorthead sculpins.
METHODS

Survival, Tag Retention, and Mobility
Shorthead sculpins were collected from a side channel of the Boise River, Idaho, on 6 and 7 March 2006 using a backpack electrofisher (Smith Root LR-24). The fish were transported to a wet lab at Biomark in Boise, Idaho, and not fed for 48 hours prior to tagging. Twentytwo 19-L buckets with six 1.5-cm holes approximately 30 mm from the top (to allow water to circulate from the bucket without overtopping) were placed into a 1211-L live well. Water from the live well overflowed into an 80-L tank containing activated carbon filter material and was then recirculated to the buckets.
Total length (mm) was recorded for each fish (63-106 mm). Two tagging locations (body cavity Western North American Naturalist 70(2), © 2010, pp. 218-223 EFFICACY OF USING PASSIVE INTEGRATED TRANSPONDER TECHNOLOGY TO TRACK INDIVIDUAL SHORTHEAD SCULPINS or dorsal) and 2 length classes (small, <80 mm total length; or large, ≥80 mm total length) were evaluated during the study, resulting in 4 treatment groups: large/body cavity, large/dorsal, small/body cavity, and small/dorsal. Treatment groups were randomly assigned to each bucket. We PIT-tagged 80 shorthead sculpins (20 individuals per treatment), leaving 4 fish of each length class untagged as controls. Tagging location was randomly assigned to each fish. The fish were tagged with standard FDX-B PIT tags (Digital Angel Corporation; 12.5 × 2.0 mm in diameter; approximately 0.1 g in air) following the protocols described in Prentice et al. (1990b) . All fish were anesthetized to lethargy (operculum movement maintained) with 45 mg ⋅ L -1 tricaine methanesulfonate (MS-222). PIT tags were inserted using a 12-gauge hypodermic needle fitted onto a syringe modified with a plunger. To insert body-cavity tags, a 1.5-2-mm incision was made posterior to the pelvic fins using the hypodermic needle. The tag was then inserted in a posterior direction into the body cavity. To insert dorsal tags, a 1.5-2-mm incision was made slightly ventral to the anterior base of the dorsal fin, and the needle was inserted beneath the skin approximately 14 mm toward the tail. The plunger was depressed as the needle was removed, leaving the PIT tag along the base of the spinous dorsal fin. No sutures were used to close body-cavity or dorsal incisions. Four fish were placed into each of the treatment buckets.
The sculpins were held for 29 days. Buckets were checked daily for lost tags, fish mortality, and water quality. Lost tags (retrieved with a magnet) and dead fish were removed when observed, and the tag code and treatment group were noted. Net-avoidance of the sculpins was assessed weekly by netting the fish from each bucket and observing their behavior. The sculpins were fed a diet of chopped earthworms. Each bucket received approximately eight 1-cm earthworm segments every 1-2 days. Uneaten worm segments were removed when they were observed.
Instream Detection
We installed 3 Biomark stationary passthrough antennas in the upper, middle, and lower reaches of the artificial stream (Gebhards Creek; approximately 120 m long, 1 m wide, and 0.25 m deep) at the Morrison Knudsen Nature Center, Idaho Department of Fish and Game, Boise, Idaho (Fig. 1) . The antenna openings measured 30.5 × 80 cm, 51 × 51 cm, and 61 × 61 cm at the lower, middle, and upper locations, respectively. The TX1400ST PIT tags were detectable within 30 cm of either side of the antennas. Stationary antennas were placed in shallow trenches and secured in an upright orientation requiring fish to swim through the antenna opening. Digital Angel FS2001F-ISO readers were used to control the antennas and to store tag codes. Each stationary system was powered by a 12-V deep-cycle battery (47 A ⋅ h -1 ). The reader, antenna tuning box, and battery for each stationary system were stored in lockable, weatherproof boxes located on the stream bank adjacent to the antennas. The stationary antenna system was operated from 1 November 2006, just prior to the release of PIT-tagged fish, until 8 December 2006.
Ninety-seven shorthead sculpins were collected from the Boise River, Idaho, on 30 October 2006 by using a backpack electrofisher. Total length of these sculpins ranged between 72 and 115 mm. These fish were PIT-tagged in the body cavity and were held in a 360-L aerated container for approximately 24 hours prior to release at 2 points into the artificial stream. Forty-eight PIT-tagged sculpins were released at location R1, and 49 were released at location R2 (Fig. 1) . Instream mobility of detected fish was documented by calculating distances between the stationary antenna where the fish was detected and its original release point. We conducted 10 tracking surveys with a Biomark portable antenna in the artificial stream. The portable antenna was triangular, each side measuring 30.3 cm long, and was connected to a 1.2-m pole. The portable antenna detected tags within a range of 30 cm. The portable antenna was powered by an internal 12-V NiMH battery (6-hour battery life with continuous operation). The reader and antenna tuning box for the portable system was carried in a waist belt worn by the operator.
Surveys with the portable antenna were conducted semiweekly over the study period. The stream was scanned for PIT tags with the portable antenna while the researcher walked upstream. When a PIT tag was detected but the fish not observed, the substrate was disturbed with a magnet on a handle to determine whether the tag was present in a living fish or a dead fish or if it had been lost. The fish was recorded as living if the PIT tag was not detected following disruption of the substrate.
Data Analyses
Survival and tag retention are binary variables. Comparisons between treatment groups were made using the chi-square statistic. For small sample comparisons (expected cell counts <5), Fisher's exact test was used (Agresti 1996) .
RESULTS
Survival, Tag Loss, and Mobility
Patterns in mortality and tag loss were evident (Table 1, Fig. 2 ). Eight sculpins from 2 buckets died during this study. The 4 small control sculpins died on day 3 of the study. Four small sculpins from a single bucket that had received and lost dorsal tags died on day 14 of the study.
Thirty-one (78%) of the 40 sculpins that received dorsal tags lost their tags. Twenty (65%) of these tags were lost within the first 7 days following tagging (Fig. 2) . Two (5%) of the 40 sculpins that received body-cavity tags lost their tags. Both of these tags were from the large/body cavity treatment; these tags were lost on study days 3 and 7 (Fig. 2) . Tag loss was significantly lower from the body cavity than from the dorsal tagging location when compared across all fish ( χ 2 = 43.378, df = 1, P < 0.001) as well as when compared for small fish alone ( χ 2 = 32.727, df = 1, P = 0.001) and for large fish alone ( χ 2 = 12.907, df = 1, P = 0.001). Tag loss was independent of fish size ( χ 2 = 0.465, df = 1, P = 0.495). Fish mortality was independent of tag location (Fisher's exact test: P = 0.116) and fish size (Fisher's exact test: P = 0.116). We were unable to test whether a conditional association (Agresti 1996) existed between mortality and tagging location due to size.
Net-avoidance behavior was assessed on study days 7, 11, 14, 19, 25, and 28 . We observed no change in net-avoidance behavior in any of these fish.
Instream Detection
We detected 60 (62%) of the 97 sculpins one or more times. Sixteen (16%) sculpins were detected by both stationary and portable antennas, and 22 (23%) were unique to each system. Thirty-seven (38%) sculpins were not detected with either system. With the portable antenna, we detected 20 (21%) individuals once, 8 (8%) individuals twice, 6 (6%) individuals 3 times, 3 (3%) individuals 4 times, and 1 (1%) individual 7 times. We observed no statistical association between redetected fish and fish size.
Based on known release locations and detections at stationary antennas, we were able to document continued mobility by calculating distances and directions moved by 38 individuals. These fish moved 16-99 m, and the median distance moved was 91 m. We observed up stream movement in 14 individuals, downstream movement in 19 individuals, and movement in both directions in 5 individuals. We retrieved no PIT tags with the magnet and observed no instances where a detected tag did not move once the substrate was disturbed. mortalities to tagging effects during the 29-day study period, and our results are comparable to other PIT-tagging studies on cottids. Ruetz et al. (2006) reported a 96% survival rate for mottled sculpin (56-85 mm total length) tagged with 12.0 × 2.1-mm PIT tags and held in a laboratory for 28 days. In a sample of European bullheads (>70 mm total length) tagged with PIT tags in the body cavity, Bruyndoncx et al. (2002) re ported no tag loss or mortalities after 4 weeks, and only one tag loss after 7 weeks. Knaepkens et al. (2007) reported European bullhead survival rates of 90%-100% and 95% tag retention over a 7-week study period. Keeler et al. (2007) reported survival rates over 99% and no tag loss in the first 24 hours after tagging slimy sculpins (C. cognatus) averaging 75 mm total length. We attribute the mortalities we observed to unexplained bucket effects. In both buckets where mortalities occurred, we observed reduced water circulation, likely re sulting in low dissolved oxygen concentrations and subsequent mortalities. Our experimental design does not allow us to distinguish a bucket effect from a size effect. The combined survival and retention results indicate the body-cavity tagging location is preferred. The majority of PIT-tag losses occurred within 7 days of tagging. Body-cavity injection of tags through a hypodermic needle in a posterior direction appears useful for tagging individual shorthead sculpins down to 60 mm total length. PIT-tagged sculpins were detected in the artificial stream using stationary and portable antennas. Stationary antennas allowed us to continuously detect sculpins passing a fixed location, indicating these sculpins were mobile following tagging. The portable antenna allowed us to relocate sculpins in the artificial stream. We observed no avoidance of the portable antenna, in contrast to Cookingham and Reutz 2008 who observed net-avoidance for round gobies (Neogobius melanostomus). Using the portable antenna, we detected 39% of the sculpins released. With the stationary antennas, we detected an additional 23% of our tagged sculpins. Using both portable and stationary antennas, we detected 62% of our tagged fish. In comparison, Cucherousset et al. (2005) detected 82% of the slimy sculpin they released into tributaries of the Kennebecasis River in New Brunswick, Canada, and Breen et al. (2009) detected 99% of the mottled sculpin they tagged in Seven Mile Creek in Michigan. The reach of Seven Mile Creek used by Breen et al. (2009) was not blocked by barrier nets; however, the stream segments sampled by Cucherousset et al. (2005) had barrier nets at each end, hindering fish movement out of the study area. Our artificial stream was an open system, with ponds at up stream and downstream ends (Fig. 1) distances moved by tagged sculpins suggest that it is possible that some fish we did not detect emigrated from the sample reach. The ability to relocate sculpins is essential to describing space and habitat use over time.
We caution readers not to infer movement distance (displacement) from our results since these sculpins were relocated to an artificial stream. We found that PIT tags and PIT-tag antennas are useful for monitoring movement of individual shorthead sculpins and likely other smallbodied organisms. We suggest using stationary and portable antennas in combination when monitoring cryptic, benthic taxa, such as sculpins or crayfish. The continuous monitoring of the stationary antennas provides information concerning movement of individuals into or out of the survey area, and this information is useful for detecting wider-ranging individuals. Detections made using the portable antenna provide information useful in evaluating habitat use, connectivity, and degradation issues.
